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Introduction
The purpose of this report is to compile and compare the leveling data of Kilauea Dti lava 

lake from 1960 to 1988.
Kilauea Dti crater is located to the east of the summit caldera of Kilauea volcano on the 

island of Hawaii (Fig. 1). The lava lake was formed by a 36-day summit eruption in November- 
December, 1959. The crater was filled with lava, producing a lake with a depth estimated between 
120 meters (Peck et al., 1979) and 135 meters (Helz et al., 1993). Investigation of the lava lake 
began months after the crust solidified. The first leveling network was set up in 1960, with 2 
perpendicular lines on the surface of the lake (Helz et al., 1980). Two surveys were completed in 
1960, one in 1961 and one in 1962. In 1964, additional leveling stations were added parallel to the 
original lines to form a more complete grid (Fig. 2). Surveys of the full grid were conducted in 
1964, 1965, 1966, 1967, 1968, 1971, 1973, 1975, 1979, 1981 and 1988, coordinated with 
drilling of the lava lake in 1967,1875, 1876, 1979,1981 and 1988. The leveling surveys were set 
up in conjunction with drill core work. A summary of the drilling results from 1960-1975 can be 
found in Wright et al. (1976). Core logs from the 1967-1979 drillings are summarized by Helz et 
al. (1984). Core logs from the 1981 and 1988 drilling are summarized by Helz and Wright (1983) 
and Helz (1993), respectively.
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Figure 1. Index map to the summit area of Kilauea Volcano showing location of Kilauea Iki Lava 
Lake. (Reproduced from Wirght et al., 1976)

100 200m

Figure 2. Station locations within Kilauea Iki Lava Lake. The points spaced 100 feet apart are 
the original perpendicular survey lines. The stations spaced at a 200 foot interval were added in the 
1964 survey.



Description of the Figures
Four types of plots are used in describe the changes in elevation of the surface of Kilauea 

Bti lava lake. The survey years chosen are those which best represent the overall trend of elevation 
changes. Initial subsidence of the lake was rapid (Wright et aL, 1976) and surveys were 
conducted almost yearly. As the rate of subsidence slowed and the changes between years became 
smaller, the surveys were conducted less often. Therefore, the time interval between leveling 
surveys in the early years, 1960-1971, is shorter than in the later years, 1971-1988.

Comparison of elevation contour maps (Figs. 3-8) for individual years show any changes 
in the surficial topography of Kilauea Dei lava lake.

The subsidence rate contour maps (Figs. 9-12) show where the rate of subsidence of the 
lake per year was the greatest. The subsidence rate contour maps were constructed by subtracting 
the leveling elevations determined in the older year from the leveling elevations determined in the 
more recent year. This elevation difference is then divided by the number of years between the 
older and more recent survey to give the rate of change in cm/year. Because the elevations of the 
more recent year are generally lower than the elevations of the older leveling survey, a negative 
value indicates subsidence while a positive value indicates inflation. The contour maps can only be 
generated for surveys after 1964, when the full station grid was established.

Profile plots (Figs. 13-20) are constructed parallel to the original two leveling lines. The 
number with the plotted line is the date of the survey, i.e. 3-60 represents the elevations for the 
March 1960 survey. The elevations are given in feet above sea level to represent the actual 
measurements made during the survey year. These figures were constructed starting with the 
1960 leveling surveys and compare the change in elevation over time between pairs of survey 
years. They also demonstrate the vertical movement of individual stations between surveys.

The final plots (Figs. 21-26) show the change in elevation of a single station through time. 
Stations were chosen along the original survey lines.



Results
The elevation contour maps demonstrate that the overall shape of Kilauea Bri does not 

change. Station 35 is consistantly has the lowest elevation, while the eastern edge, around stations 
1 and 2, has the highest elevation in the crater. The local depressions increase in size and number 
from 1960 to 1988. The slope of the lake edges appears to decrease, especially in the 1979 and 
1988 contour maps.

The subsidence rate contour maps show that for the first 7 years of the leveling surveys, 
that highest rate of subsidence was approximately 12 cm/year. This high rate of subsidence was 
located in the same place; the western side of the lava lake. This changes from 1971-1979 when 
the rate of subsidence went up to 20 cm/year and the highest rate of subsidence was located in the 
center of the lake. From 1979-1988 there is still subsidence toward the center of the lake and a 
new area of high subsidence on the western side.

The profile graphs demonstrate that although the topography changes, the shape of the 
surface is similar over time with occasional anomalies. The rate of overall decrease in elevation for 
each profile changes between both leveling surveys and along the survey line of a given survey. 
There is an large elevation change in the 1971-1979 profiles; this is consistant with the subsidence 
rate contour map for 1971/1979.

The individual station elevation time series emphasize the continual decrease in elevation, 
with the exception of the second 1960 survey, where there was an anomalous increase in elevation 
for two stations. The initial subsidence rate varies for all the stations; it is neither linear or 
logarithmic. There is a trend from approximately 1968-1981 for a linear decrease in elevation with 
the exception of an inflection for the 1971 survey. This rate of decrease slows from 1981 to 1988.
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Feet North of station 1



12
00

10
00

- 

80
0-

 

60
0-

 S
 

4
0

0
-

20
0-

 

0
-

-2
00

-

-4
00

-

-6
00

-

-8
00

- -4
00

0
-3

00
0

-2
00

0 
Fe

et
 E

as
t o

f s
ta

tio
n 

1
-1

00
0

0

Fi
gu

re
 6

. 
19

71
 E

le
va

tio
n 

C
on

to
ur

 M
ap

. 
C

on
to

ur
 in

te
rv

al
 5

 fe
et

. 
Th

e 
ea

st
er

n 
ed

ge
 is

 th
e 

st
ee

pe
st

 a
nd

 h
ig

he
st

 in
 e

le
va

tio
n,

 a
lth

ou
gh

 th
is

 
is

 n
ot

 a
s 

ap
pa

re
nt

 a
s b

ef
or

e 
be

ca
us

e 
th

er
e 

is
 n

o 
da

ta
 fo

r s
ta

tio
ns

 2
 a

nd
 3

. 
Th

e 
ce

nt
er

 o
f t

he
 fl

oo
r i

s 
at

 a
 c

on
st

an
t e

le
va

tio
n,

 a
lth

ou
gh

 th
e 

de
pr

es
si

on
 fr

om
 th

e 
w

es
te

rn
 s

id
e 

ha
s 

m
ig

ra
te

d 
in

to
 th

e 
ce

nt
ra

l a
re

a.
 T

he
 n

or
th

er
n 

an
d 

so
ut

he
rn

 c
en

tra
l d

ep
re

ss
io

ns
 a

ls
o 

sh
ow

 a
n 

in
cr

ea
se

 
in

 s
iz

e.



12
00

 

10
00

- 

80
0-

 

60
0-

T
 <  B

 
40

0-
C

rt ^
 

20
0-

f
0-

o> * 
-2

00
-

-4
00

-

-6
00

-

-8
00

- -4
00

0
-3

00
0

-2
00

0 
Fe

et
 E

as
t o

f s
ta

tio
n 

1
-1

00
0

0

Fi
gu

re
?.

 
19

79
 E

le
va

tio
n 

C
on

to
ur

 M
ap

. 
C

on
to

ur
 in

te
rv

al
 5

 fe
et

. 
Th

is
 is

 th
e 

m
os

t s
ig

ni
fic

an
t c

ha
ng

e 
in

 th
e 

to
po

gr
ap

hy
. 

Th
e 

ea
st

 w
al

l i
s 

th
e 

hi
gh

es
t p

oi
nt

, a
nd

 w
hi

le
 th

e 
w

es
t s

til
l h

as
 a

 la
rg

e 
de

pr
es

si
on

 a
t s

ta
tio

n 
35

, t
he

 lo
w

es
t d

ep
re

ss
io

n 
is

 in
 th

e 
ce

nt
er

 o
f t

he
 c

ra
te

r.



12
00

10
00

- 

80
0-

 

60
0-

 B
 

40
0 

-I
C/

5

2
0

0
- 

0
-

-2
00

-

-4
00

-

-6
00

-

-8
00

- -4
00

0
-3

00
0

-2
00

0 
Fe

et
 E

as
t o

f s
ta

tio
n 

1
-1

00
0

Fi
gu

re
 8

. 
19

88
 E

le
va

tio
n 

C
on

to
ur

 M
ap

. 
C

on
to

ur
 in

te
rv

al
 5

 fe
et

. 
T

he
 e

as
te

rn
 w

al
l i

s 
ag

ai
n 

th
e 

hi
gh

es
t i

n 
el

ev
at

io
n,

 a
lth

ou
gh

 it
 s

ho
ul

d 
be

 
no

te
d 

th
at

 th
er

e 
is

 n
o 

da
ta

 fo
r 

st
at

io
n 

2.
 T

he
 lo

w
es

t p
oi

nt
s 

ar
e 

at
 s

ta
tio

n 
35

 a
nd

 in
 th

e 
ce

nt
er

. 
T

he
 c

on
to

ur
 li

ne
s 

to
 th

e 
ce

nt
er

 a
re

 m
or

e 
ev

en
ly

 s
pa

ce
d 

th
an

 in
 th

e 
pr

ev
io

us
 g

ra
ph

s.

0

10



Su
bs

id
en

ce
 R

at
e 

C
on

to
ur

 M
ap

s

12
00

-8
00

-4
00

0
-3

00
0

-2
00

0 
Fe

et
 E

as
t o

f s
ta

tio
n 

1
-1

00
0

Fi
gu

re
 9

. 
19

64
-1

96
7 

R
at

e 
of

 S
ub

si
de

nc
e 

C
on

to
ur

 M
ap

. 
C

on
to

ur
 in

te
rv

al
 is

 2
 c

m
/y

ea
r. 

Th
e 

w
es

te
rn

 e
dg

e 
of

 th
e 

la
ke

 h
as

 th
e 

fa
st

es
t r

at
e 

of
 su

bs
id

en
ce

 o
f 

12
 c

m
/y

ea
r. 

Th
er

e 
is

 a
n 

ar
ea

 in
 th

e 
ea

st
er

n 
si

de
 o

f t
he

 la
ke

 th
at

 h
as

 a
 s

lig
ht

 a
m

ou
nt

 o
f i

nf
la

tio
n 

an
d 

an
 a

re
a 

in
 th

e 
ce

nt
er

 
of

 th
e 

la
ke

 th
at

 h
ad

 n
o 

ch
an

ge
 in

 e
le

va
tio

n.

11



Feet North of station 1

o 
i . i . i . i . i



12
00

10
00 80
0

60
0

-8
 

40
0

20
0 

H 

0-

-2
00

-

-4
00

-

-6
00

-

-8
00

- -4
00

0
-3

00
0

-2
00

0 
Fe

et
 E

as
t o

f s
ta

tio
n 

1
-1

00
0

0

Fi
gu

re
 1

0.
 

19
67

-1
97

1 
R

at
e 

of
 S

ub
si

de
nc

e 
C

on
to

ur
 M

ap
. 

C
on

to
ur

 in
te

rv
al

 is
 2

 c
m

/y
ea

r. 
T

he
 h

ig
he

st
 ra

te
 o

f s
ub

si
de

nc
e 

is
 1

2 
cm

/y
ea

r; 
th

is
 is

 lo
ca

te
d 

in
 th

e 
w

es
te

rn
 s

id
e 

of
 th

e 
la

ke
. 

T
he

 e
as

te
rn

 a
re

a 
of

 in
fla

tio
n 

an
d 

co
ns

ta
nt

 e
le

va
tio

n 
ar

e 
go

ne
; t

he
re

 is
 a

 d
ep

re
ss

io
n 

th
at

 
su

bs
id

es
 a

t a
 ra

te
 o

f 8
 c

m
/y

ea
r.

12



12
00

-8
00

-4
00

0
-3

00
0

-2
00

0 
Fe

et
 E

as
t o

f s
ta

tio
n 

1
-1

00
0

Fi
gu

re
 1

2.
 

19
79

-1
98

8 
R

at
e 

of
 S

ub
si

de
nc

e 
C

on
to

ur
 M

ap
. 

C
on

to
ur

 in
te

rv
al

 is
 2

 c
m

/y
ea

r. 
Th

er
e 

is
 s

til
l a

 la
rg

e 
ar

ea
 to

w
ar

ds
 th

e 
ce

nt
er

 o
f 

th
e 

cr
at

er
 th

at
 h

as
 a

 h
ig

h 
ra

te
 o

f s
ub

si
de

nc
e,

 b
ut

 it
 is

 m
uc

h 
sm

al
le

r t
ha

n 
in

 th
e 

pr
ev

io
us

 g
ra

ph
. 

Th
e 

hi
gh

es
t r

at
e 

of
 su

bs
id

en
ce

 is
 in

 th
e 

no
rth

w
es

te
rn

 a
re

a.
 I

n 
th

e 
ea

st
er

n 
ar

ea
 th

er
e 

is
 a

n 
ar

ea
 o

f i
nf

la
tio

n.

14



15

3535 
3530- 

3525- 

3520- 

|3515-

 S 3510^

 § 3505 -
«3500-
w

3495-
3490- 

3485- 

3480

Profile Graphs

40 35 30
IT
25

i i i
10

3-60 (ft.) 

7-64 (ft.)

20 15 
Station number

Figure 13. 1960-1964 east-west profile. Data point 0 is towards the east; data point 40 is towards 
the west. Stations 9 and 17 of the 1^64 survey show a smaller decrease than the other stations 
relative to the 1960 line.
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Figure 14. 1960-1964 north-south profile. The north-south profile shows stations 17N8 and 17 
do not decrease in the 1964 survey as much as the surrounding stations. The lesser degree of 
decrease of station 17 is in agreement with the observations of the 1964 east-west profile.
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Figure 15. 1964-1971 east-west profile. Data point 0 is towards the east; data point 40 is towards 
the west. The east-west between these two years is remarkably similar. The center of the lake 
shows a slightly greater amount of elevation decrease.
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Figure 16. 1964-1971 north-south profile. The north-south profiles are similar to each other, 
none of the stations appear to have a different degree of elevation change.
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Figure 17. 1971-1979 east-west profile. Data point 0 is towards the east; data point 40 is towards 
the west. This profile shows the most marked decrease in elevation at the center of the line. 
Stations 30-40 and stations 7-1 show very little change in elevation while the middle stations show 
significant change. The middle of the crater showed the greatest amount of decrease. The profile 
line of each survey is similar; there is little variation in the relationships of the points to each other.

3519- 
3517- 
3515- 
3513- 
3511- 

^3509- 
8 3507 - 
^3505- 
 £ 3503 - 
.2 3501 - 
| 3499- 
£ 3497 - 
w 3495 - 

3493- 
3491- 
3489- 
3487- 
3485

17N12 17N8 17N4 17S1 17S5

1-71 (ft.) 

3-79 (ft.)

Station number
Figure 18. 1971-1979 north-south profile. The north-south profile also confirms the observation 
that the middle stations decrease in elevation relative to stations located on the edge of the crater.
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Figure 19. 1979-1988 east-west profile. Data point 0 is towards the east; data point 40 is towards 
the west. The profile indicates that tjie the center had the largest elevation change, however, it is 
not nearly as great as the 1971-1979 change. The eastern edge underwent a slight drop in 
elevation. The relationship of the points to each other is consistant except for station 19; the 1988 
profile indicates that station 19 dropped in elevation more than the surrounding stations.
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Figure 20. 1979-1988 north-south profile. The central stations have the largest elevation changes 
and the extreme northern and southern edges have lower rates of elevation change.
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Individual Station Changes Over Time
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Figure 21. Station 8 Leveling Changes. Subsidence is at a constant rate, beginning around 1965 
and continuing through 1971. From 1971-1979, the rate of subsidence remains linear for these 
years, but slows. The 1979-1988 surveys do not indicate a constant subsidence rate.
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Figure 22. Station 17 Leveling Changes. There is an anomalous increase in elevation at station 17 
for the second 1960 leveling survey. Following this peak, there is a non-linear decrease in 
subsidence from 1961-1968. A linear rate of subsidence begins in 1971 and continues through 
1981. This rate decreases between 1981 and 1988.



3496.00 

3494.00 

3492.00 - - 

3490.00 -. 

3488.00 - -

3486.00

\

20

Oct-58 Mar-64 Sep-69 Mar-75 Aug-80 Feb-86 Aug-91

Figure 23. Station 25 Leveling Changes. Subsidence for this station can be divided up into 4 
segments with different slopes. The first lasts from 1960-1962, the second from 1962-1971, the 
next from 1971-1979 and the final from 1979-1988.
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Figure 24. Station 32 Leveling Changes. The subsidence curve is non-linear from 1960-1968. A 
constant rate of subsidence is the trend from 1973-1979. A linear increase in elevation is the result 
of the 1979-1988 surveys.
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Figure 25. Station 17N7 Leveling Changes. There is a peak in the second 1960 survey. This is 
similar to, but not as great as, the anomalous increase in elevation for station 17 during this same 
year. A linear decrease in elevation is the trend from 1971-1981. The rate is lower between 1981 
and 1988.
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Figure 26. Station 17S5 Leveling Changes. This chart can be divided up into four lines of 
different slopes, similar to the results of the station 25 profile. Slope 1 is from 1960-1962, slope 2 
covers 1962-1968, slope 3, 1968-1979 and the last slope is from 1981 to 1988.
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APPENDIX A

This is a compilation of the leveling data taken for Kilauea Bti Lava Lake. The Date row 
refers to the date the leveling survey was conducted. 3-60 indicates that the leveling was 
completed in March 1960. The elevations are given in feet above sea level. For the years March 
1960 - July 1962, leveling was conducted along 2 perpendicular lines. The (-) symbol indicates 
that additional leveling stations were not present at the time of these survey. The additional stations 
were added in the July 1964 survey. The (nd) represents no data, indicating that the point was not 
included in the leveling survey for that year.
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